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Abstract
The success of the quantum level predictions of the Standard Model on the
Z boson properties, on mW and on mt, which makes use of the muon life-
time as an input, implies a stringent constraint on new physics contributions
to the V − A charged-current interactions among leptons. Observed unitarity
of the CKM matrix elements then implies constraints on non-standard contri-
butions to the lepton-quark charged-current interactions. By using the recent
electroweak data as inputs, we find the 95% CL limits for the corresponding
contact interactions: ΛℓℓCC,+ > 7.5 TeV and Λ
ℓℓ
CC,− > 10.2 TeV for the purely
leptonic terms, and ΛℓqCC,+ > 5.8 TeV and Λ
ℓq
CC,− > 10.1 TeV for the lepton-
quark contact interactions.
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The reports from HERA [1, 2] of event rates above Standard Model (SM)
expectations in e+p → e+X deep inelastic scattering at very high Q2 renewed
the interest in the present constraints on non-standard interactions among lep-
tons and quarks [3–6]. In particular, studies on low energy neutral current
experiments find stringent constraints on parity-violating lepton-quark inter-
actions [3–7], and those including high-Q2 experiments at the Tevatron and
LEP2 find constraints on general lepton-quark contact interactions in the neu-
tral currents [5, 8]. In terms of the “compositeness scale” [9, 10], the 95% CL
lower bounds are found to be typically of the order of 10 TeV for chiral contact
terms while they can be as low as 3 TeV for those contact terms that conserve
parity or with purely axial-vector quark currents [8]. In view of the above con-
straints, it is unlikely that the observed excess of high-Q2 events at HERA can
be explained as a consequence of new chirality and flavour-conserving neutral
currents between leptons and quarks.
As for charged-current (CC) e+p → ν¯eX events, both H1 and ZEUS ex-
periments observed about a factor of 2 more events than expected in the SM
at Q2 > 10, 000GeV2 [1, 11]. Although the statistics of high-Q2 events is still
limited, one may hope to probe new interactions at HERA also in the charged
currents [12–18].
In this letter, we would like to point out that non-standard contributions to
the CC interactions are strongly constrained by the electroweak measurements,
which are consistent with the predictions of the minimal SM and also by the
observed unitarity of the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements.
Normally, one takes as inputs the observed muon decay constant GF , the Z
boson and the top-quark masses, and an estimate of the running QED coupling
α(m2Z). The predictions are made for all the other electroweak observables,
including various asymmetries on the Z pole and the W mass, as functions of
an assumed Higgs boson mass mH . We show that by using all the electroweak
data as inputs besides GF we can calculate the muon decay constant in the
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minimal SM, and that by comparing it with the observed value we can obtain
constraints on non-SM contributions to the leptonic charged currents. The
observed unitarity of the CKM matrix elements then constrains the difference
between new physics contributions to the purely leptonic and lepton-quark CC
interactions.
Effects of new physics at energies below new particle thresholds can generally
be expressed as non-renormalizable higher-dimensional terms in the effective
Lagrangian of the SM particles. The effective CC interactions among quarks
and leptons may be parametrized as
LCC =
∑
fi
∑
α,β
ηf1f2f3f4αβ Sψf1γ
µPαψf2 ψf3γµPβψf4 , (1)
where (f1, f2) and (f3, f4) are lepton and/or quark charged currents, α, β = L,R
denote their chirality: PL = (1− γ5)/2, PR = (1 + γ5)/2, and S is a statistical
factor, which is 1/2 if the two currents are the same and is otherwise 1. The
coefficients ηf1f2f3f4αβ have the dimension of (mass)
−2, which may be expressed
as [9, 10]
ηf1f2f3f4αβ = ǫ
4π
(Λf1f2f3f4αβ,ǫ )
2
, (2)
with the sign factor ǫ = + or −. If the contact interactions are results of an
exchange of an extra heavy charged vector boson WE , they are given by
ηf1f2f3f4αβ = −
gf1f2α g
f3f4
β
m2WE
, (3)
where gf1f2α and g
f3f4
β are the WE -boson couplings to the corresponding lepton
and quark currents.
In this report we study only the V −A contact interactions, α = β = L terms
in eq. (1), because they interfere with the SM amplitudes and because, without
light right-handed neutrinos, V + A currents do not contribute to low energy
leptonic or lepton-quark CC processes. Also, we do not consider mixing between
the SM W boson and possible additional WE bosons. The latter assumption
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allows us to use the observed W mass in the SM contributions to the muon
decay amplitude.
Then, the observed Fermi constant GF is expressed as
4
√
2GF =
g¯2W (0) + gˆ
2δ¯G
m2W
− ηeνeνµµLL
≈ g¯
2
W (0)
m2W
[
1 + δ¯G −
η
eνeνµµ
LL
4
√
2GF
]
. (4)
Here g¯2W (0) and δ¯G are the universal charge form factor and the radiative cor-
rections coming from vertex and box diagrams to the µ-decay, respectively. The
hatted symbols, sˆ and gˆ, denote MS couplings (see Ref. [19] for the notation).
From eq. (4), we see immediately that the effect from the new contact term
η
eνeνµµ
LL can be regarded as a non-standard contribution to the parameter δ¯G.
In Ref. [19], it has been shown that only a combination T ′ such that
T ′ = T +
δ¯SMG − δ¯G
α
(5)
is constrained by the electroweak experiments in the presence of non-standard
contributions to δ¯G. Here the parameter T [21] is a measure of the difference
between the neutral- and charged-current interactions at low energies. The effect
of the new contact interaction can hence be constrained by the difference ∆T
between the measured T ′ parameter and the SM prediction for the T parameter:
∆T = T ′ − TSM = η
eνeνµµ
LL
4
√
2GF α
. (6)
In the following analysis we use recent electroweak data1 of the Z parameter
measurements at LEP1 and SLC [22] and the W mass measurements at the
Tevatron and LEP2 [22]. In addition, we use the combined value of the top-
quark mass measured at CDF and D0, mt = 175.6 ± 5.5GeV [22], the QCD
coupling estimated by PDG, αs = 0.118 ± 0.003 [10], and the estimate of the
1 We do not include the low energy neutral current (LENC) data (see Ref. [7]) in this
letter because they may be affected by the presence of new contact interactions in the neutral
current sectors. The properties of the Z andW bosons on the pole are not affected by the new
interactions as long as the mixing between the SM weak bosons and the new vector bosons
are negligible.
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QED coupling at the mZ scale, δα ≡ 1/α¯(m2Z)− 128.72 = 0.03± 0.09 [24]. We
calculate all radiative corrections within the SM, except that we allow a new
contribution ∆T to the T ′ parameter (see Refs. [19, 20] for details).
From the fit to the Z boson parameters and the W mass, we obtain
∆T ≡ T ′ − TSM = −0.06+0.26−0.11 or ηeνeνµµLL = (−0.03+0.13−0.05)TeV−2 . (7)
as the 1σ constraints. In Fig.1, we show the minimal χ2 as a function of ∆T ,
where the Higgs boson mass mH is allowed to vary in the fit. The solid line
is obtained by constraining mH in the range 77.1GeV < mH < 1TeV: the
lower limit is from direct measurements at LEP2 [23] while our perturbative
calculation is unreliable at mH ∼> 1TeV.
For comparison, we also give the result obtained by allowing mH to vary
freely, without the boundaries. As seen from the figure, both results are the
same for −0.1∼<∆T ∼< 0.35 because the fitted mH value stays in the allowed
region. On the other hand, for ∆T ∼< − 0.1, the best fit value of mH is found
below 77.1GeV for the dashed line. This explains the difference between the
two curves. The constraint (7) and all the following results are obtained by
requiring 77.1GeV < mH < 1TeV.
In order to obtain the 95% confidence level limit for η, we assume that the
probability density function P (η) is proportional to exp(−χ2(η)/2). Further we
need to consider two cases separately to convert the limit for η to that for Λ [8].
The 95% CL limit on Λ+, which corresponds to ǫ = +1 in eq. (2), is obtained
from η+ = 4π/Λ
2
+, where
0.05 =
∫∞
η+
P (η)dη∫∞
0
P (η)dη
. (8)
Likewise the 95% CL limit on Λ− is obtained from η− = −4π/Λ2−, where
0.05 =
∫ η−
−∞
P (η)dη
∫ 0
−∞
P (η)dη
. (9)
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We find the 95%CL limits for Λ±
2:
Λ
eνeνµµ
LL,+ ≡ ΛllCC,+ > 7.5TeV , (10a)
Λ
eνeνµµ
LL,− ≡ ΛllCC,− > 10.2TeV . (10b)
Next we consider the limit on the lepton-quark contact interactions. We
assume the unitarity of the CKM in the SM:
|V SMud |2 + |V SMus |2 + |V SMub |2 = 1 . (11)
Experimentally, this unitarity is slightly violated at the 1.7σ level [10]:
|Vud|2 + |Vus|2 + |Vub|2 = 0.9965± 0.0021 . (12)
In the presence of new contact interactions in the CC sector, the observed CKM
matrix elements can be shifted as
V obsudj = V
SM
udj
−
η
ℓνℓudj
LL − V SMudj η
eνeνµµ
LL
4
√
2GF
(13)
because the CKM matrix elements are experimentally determined from the ratio
of the semileptonic and the purely leptonic CC strengths 3.
In general, three lepton-quark contact interactions in the V −A charged cur-
rent, ηℓνℓudLL , η
ℓνℓus
LL , η
ℓνℓub
LL , can enter the unitarity constraint (12). By assuming
e.g. ηℓνℓusLL = η
ℓνℓub
LL = 0, one can obtain constraint on η
ℓνℓud
LL − VudηeνeνµµLL .
In this paper, we examine the case where the contact interactions satisfy the
SU(2)L ×U(1)Y gauge symmetry of the SM. Then V − A charged-current in-
teractions among leptons and those between leptons and quarks are expressed
in terms of left-handed lepton doublets, Lℓ = (νℓ, ℓL) (ℓ = e, µ, τ), and quark
doublets Qi = (uiL, diL) (i = 1, 2, 3). Assuming that the new interactions do
2 In order to test the sensitivity of the above bounds to the estimate of α¯(m2
Z
), we repeat
the analysis by using the estimate δα = 0.12 ± 0.06 [25]. We find Λ+ > 7.8TeV and
Λ
−
> 9.7TeV as the 95% CL limits, which do not differ much from the results (10) that are
obtained with the estimate δα = 0.03± 0.09 [24].
3 By setting η
eνeνµµ
LL
= 0, the formula (13) reduces to that of Altarelli et.al. [18] who
neglect contact interactions to the purely leptonic channel.
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not distinguish between quark and lepton generations, CC contact interactions
should have the following universal form [8]
LSU(2) =
ηLL2
1 + δij
(
Liγ
µT aLi
)(
LjγµT
aLj
)
+ ηLQ2
(
Liγ
µT aLi
)(
QjγµT
aQj
)
.(14)
Here summation of i, j indices over the three generations is understood. Among
the 4 purely leptonic and 7 lepton-quark contact terms in the most general
effective Lagrangian [8], only the above two terms with the SU(2) generators
T a = σa/2 contribute to the CC processes. We find
η
ℓνℓνℓ′ ℓ
′
LL =
1
2
ηLL2 (15)
for the purely leptonic terms and
η
ℓνℓuidj
LL = V
SM
uidj
1
2
ηLQ2 (16)
for the lepton-quark interactions in terms of the quark mass eigenstates, where
V SMuidj are the standard CKM matrix elements.
By inserting
V obsudj = V
SM
udj
[
1− 1
2
ηLQ2 − ηLL2
4
√
2GF
]
(17)
into eq. (12) and using the unitarity relation of the SM, eq. (11), we obtain
1
2
[ηLQ2 − ηLL2 ] = (0.116± 0.069)TeV−2 . (18)
As expected, there is a 1.7σ signal in the difference of the lepton-quark and
purely leptonic CC contact interactions. If one assumes ηLL2 = 0 [18], the above
result (18) constrains ηLQ2 . On the other hand, if we allow η
LL
2 to vary freely
under the constraint (7), we find
1
2
ηLQ2 = ǫ
4π
(ΛℓqCC,ǫ)
2
= (0.09+0.14
−0.09)TeV
−2 . (19)
By studying the probability distributions in the region of ǫ > 0 and ǫ < 0
separately, as in eqs. (8) and (9), we obtain the following 95% CL bounds:
ΛℓqCC,+ > 5.8TeV , (20a)
ΛℓqCC,− > 10.1TeV . (20b)
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Here we allow ηLL2 to vary freely, taking both signs. If we assume no new
physics contribution to the purely leptonic charged currents, ηLL2 = 0, then the
constraint (18) gives
ΛlqCC,+ > 7.4TeV (95% CL) , (21a)
ΛlqCC,− > 12.4TeV (95% CL) . (21b)
The above constraints (21) differ significantly from the ones quoted in [18],
because we obtained the bounds in the ǫ > 0 and ǫ < 0 regions separately. In
view of the above constraint (19), deviation from the SM in the CC cross section
at Q2 ∼ 15, 000GeV2 due to V − A contact interactions should be at the level
of at most one per cent.
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Figure 1: The minimal χ2 versus ∆T when mH is allowed to vary. The solid
line is obtained by constraining mH in the range 77.1GeV < mH < 1TeV while
the dashed line is obtained by allowing mH to vary freely.
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